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Abstract
Background: The presence of heavy metals in water resources above threshold levels can be toxic and 
carcinogenic for consumers. This study determined the concentrations of heavy metals in the drinking 
water distribution network and resources of the city of Ilam in Iran.
Methods: In this cross-sectional study from 6 sources of water supply and also, different parts of the 
water supply system of Ilam city, samples were collected based on standard sampling methods. The 
samples were tested with a BRAIC atomic absorption spectrophotometer. The data was analyzed using 
nonparametric Mann-Whitney test.
Results: The concentration of zinc in all water sources of the city of Ilam was higher than WHO 
guidelines and Iranian standard 1053. Contamination by cobalt, arsenic and lead from Ilam dam, 
Pich-e Ashoori well and Haft Cheshmeh well was higher than national and international standards. The 
amount of cobalt and mercury at Ilam dam was significantly different from the levels at other sources 
(P < 0.05).
Conclusion: The use of pesticides in the agricultural sector, contamination of water by human waste 
and aged and worn water pipes are the likely sources of the increased concentrations of heavy metals, 
especially lead and arsenic. Because there is a cumulative effect from these metals, appropriate measures 
are necessary by the relevant agencies to address this problem.
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Introduction
Population growth has increased the use of water for 
consumption, agriculture, industry and other uses. This 
not only affects the quantity of water resources, but also 
reduces their quality (1,2). Today, in addition to microbial 
contamination, chemical contamination is a major safety 
issue related to water. 
Contamination of water resources by heavy metals is 
a serious environmental problem (3,4). High levels of 
heavy metals in the water have adverse effects on human 
health (5). Metals enter water resources either naturally 
or through contamination. Rock and soil in contact with 
water are the largest natural source of contamination by 
heavy metals (6). Major sources of industrial pollution, 
such as mining, and some fertilizers can lead to disposal 
of untreated or semi-refined wastewater containing heavy 
metals (7,8). 
Heavy metals do not degrade; they gradually precipitate 
and accumulate in fatty tissues, muscles, bones and joints 
of creatures (9). Mercury, lead, arsenic and metals that 
exhibit high electronegativity, such as nickel and cobalt, 
have a strong affinity for amino groups and sulfhydryl 
groups. Enzymes are destroyed by these metals and lose 
power. In addition, metals enter and disrupt human 
metabolism (10,11). 
Lead, zinc, cadmium, arsenic, cobalt and mercury are 
among the most dangerous poisons (12). Arsenic is not 
a heavy metal, but a metalloid (13). The main target of 
arsenic is the brain. Skin cancer can also be an effect of 
chronic exposure to arsenic (14). Lead can cause mental 
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retardation, behavioral disorders, memory problems 
and mood changes. The most important effects of lead is 
impairment of the neurological development of children 
(15). Zinc can cause lung, prostate and kidney cancer. 
Cobalt can cause skin and cellular damage. Mercury can 
impair the senses of touch, sight and hearing (16). 
Many studies have examined the role of heavy metals 
on human health in various aquatic environments. 
Babaei et al (14) in Kashmir, Ghaemi et al in Tehran 
(17), Mohammedan et al in Zanjan (18), Baptista et al in 
Brazil (19), Wang et al in China (20) and Zorer et al in 
Turkey (21) have all conducted such studies. The drinking 
water in Ilam, Iran derives from various dams and well 
in the region. The present study evaluated the quality of 
the drinking water in the distribution network resources 
for Ilam for the presence of heavy metals (mercury, zinc, 
arsenic, lead and cobalt) and compared the percentages 
with national standards and international guidelines.
Materials and Methods
The present research is a cross-sectional study conducted 
in 2015. After competing the necessary surveys and 
library research and identifying the resources and water 
distribution networks of Ilam, the appropriate sample size 
was determined. To ensure coverage of Ilam for sampling, 
water reservoirs and the distribution networks associated 
with each storage tank were selected as sampling stations. 
A total of six water sources were determined for Ilam: 
Gham Gerdalan (Ilam) dam, Pich-e Ashoori well, Haft 
Cheshmeh well, the Ghoch Ali wells, Naghlieh well and 
Gol Gol spring. 
Sampling was conducted monthly over the course of four 
months. At each sampling time, 30 samples (6 source of 
drinking water and 4 samples from any source distribution 
network) were collected. Throughout the sampling period, 
120 samples were collected and sent to the laboratory. 
Sampling, storage and fixing of the samples was performed 
according to standard methods (22). The samples 
were transferred to the Laboratory of Pharmacology to 
determine the levels of mercury, zinc, arsenic, lead and 
cobalt. Samples were tested using an atomic absorption 
spectrophotometer (BRAIC; model WFX-130; China). 
To determine the concentration of these metals in the 
distribution network resources, the data was analyzed at 
a significance level of P = 0.05. Because non-normal data 
was used, the non-parametric Mann-Whitney test was 
applied in SPSS software. The results were compared with 
national standards (standard 1053 for Iranian water) and 
international standards (WHO and USEPA; Table 1).
Results
Table 2 lists the mean, standard deviation (SD) and 
minimum and maximum concentrations of mercury in 
drinking water sources Ilam. The results show that from 
the six main sources of drinking water in Ilam, only Ilam 
dam and Gol Gol spring show traces of mercury. No 
other source was found to contain mercury. The mercury 
concentration in the drinking water sources of Ilam was 
lower than the average concentration of heavy elements 
in accordance with national and international standards.
Table 3 shows that the concentration of zinc in all water 
sources in the city of Ilam was higher than national 
and international standards. The maximum amount 
of zinc recorded was 6.0440 mg/L from Naghlieh well. 
The minimum concentration was recorded for Gham 
Gerdalan dam.
The results showed that the arsenic levels in water 
resources of Ilam dam and Gol Gol spring were higher 
than the national and international standards, but all 
other sources recorded values below these standards. The 
lowest amount of arsenic was observed in Naghlieh well 
(0.0038 mg/L; Table 4).
Table 5 shows that the concentrations of lead at Ilam dam 
and Gol Gol spring were higher than the national and 
international standards. All other sources of drinking 
water for Ilam recorded concentrations below these 
standards. The lowest amounts of lead were observed in 
Haft Cheshmeh well (0.0075 mg/L) and Naghlieh well 
(0.0078 mg/L).
Table 6 shows the amount of cobalt in drinking water 
sources of Ilam. The results showed that the maximum 
concentration of cobalt was found in Naghlieh well (0.042 
mg/L) and Ilam dam (0.014 mg/L). Cobalt concentrations 
Table 1. Average concentration of heavy metals, according to 
national and international standards
Heavy metals
National and international standards
WHO EPA Standard 1053 of Iran
Lead (mg/L) 0.01 0.015 0.05
Arsenic (mg/L) 0.01 - 0.005
Mercury (mg/L) 0.001 - 0.006
Zinc (mg/L) 5 5 3
Cobalt (mg/L) - 0.005 0.005
Table 2. Mean, SD, minimum and maximum concentrations of mercury in drinking water of Ilam
Water resources
Hg(mg L-1)
N Mean SD Minimum Maximum
Gham Gerdalan dam 20 0. 000605 0.0001938 0.0003 0.0009
Pich Ashoori well 20 0.000 0.000 0.000 0.000
Haft Cheshmeh well 20 0.000 0.000 0.000 0.000
Ghoch Ali wells 20 0.000 0.000 0.000 0.000
Naghlieh well 20 0.000 0.000 0.000 0.000
Gol Gol 20 0.000215 0.0000233 0.000 0.0009
Abbreviation: SD, Standard Deviation.
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were also recorded at the Ghoch Ali wells.
Comparison the results of heavy elements present in all 
water sources are shown in Table 7. The results show that 
there was a significant difference between the amount of 
mercury found at Ilam dam and other sources of drinking 
water (P < 0.05). There was no significance difference 
(P > 0.05) between the concentration of zinc found at Ilam 
dam, Ghoch Ali wells and Gol Gol spring, but compared 
to the other sources, there was a significant difference 
(P < 0.05). The arsenic concentrations at Ilam dam and 
Gol Gol spring showed no significant difference, but these 
values were significantly different from the amount found 
in the other sources (P < 0.05). There was no significant 
difference (P > 0.05) between of the concentrations of lead 
at Ilam dam and Gol Gol spring, but these values were 
significantly different when compared with the other 
sources (P < 0.05). The concentration of cobalt at Ilam 
dam was significantly different from those at the other 
sources (P < 0.05).
Figure 1 shows the differences in zinc concentrations for 
the different sources of drinking water of Ilam. Figure 2 
shows the differences in the concentrations of other heavy 
elements.
Discussion
The use of heavy metals in industry has caused these 
metals to enter the environment in various ways. Heavy 
metals play essential roles in living bodies for building 
Table 3. Mean, SD, minimum and maximum concentrations of zinc in drinking water of Ilam
Water resources
Zn (mg/L)
N Mean SD Minimum Maximum
Gham Gerdalan dam 20 4.4050 1.02211 2.90 5.80
Pich Ashoori well 20 5.0950 0.20641 4.80 5.50
Haft Cheshmeh well 20 5.0755 0.49318 4.70 5.71
Ghoch Ali wells 20 4.6925 0.39633 4.00 5.60
Naghlieh well 20 6.0440 0.68015 4.50 5.80
Gol Gol 20 4.7950 0.62275 3.60 5.60
Abbreviation: SD, Standard Deviation.
Table 4. Mean, SD, minimum and maximum concentrations of arsenic in drinking water of Ilam
Water resources
As (mg/L)
N Mean SD Minimum Maximum
Gham Gerdalan dam 20 0.05075 0.00715 0.0350 0.0620
Pich Ashoori well 20 0.0095 0.00153 0.0070 0.0120
Haft Cheshmeh well 20 0.0062 0.00034 0.0058 0.0070
Ghoch Ali wells 20 0.0051 0.00074 0.0035 0.0061
Naghlieh well 20 0.0038 0.00020 0.0300 0.0042
Gol Gol 20 0.0507 0.007293 0.0035 0.0360
Abbreviation: SD, Standard Deviation.
Table 5. Mean, SD, minimum and maximum concentrations of lead in drinking water of Ilam
Water resources
Pb (mg/L)
N Mean SD Minimum Maximum
Gham Gerdalan dam 20 0.06770 0.01067 0.0500 0.0850
Pich Ashoori well 20 0.01688 0.00116 0.0150 0.0186
Haft Cheshmeh well 20 0.00750 0.00082 0.0060 0.0089
Ghoch Ali wells 20 0.01591 0.00353 0.0100 0.0220
Naghlieh well 20 0.00789 0.00091 0.0060 0.0089
Gol Gol 20 0.06640 0.01682 0.0450 0.0870
Abbreviation: SD, Standard Deviation.
Table 6. Mean, SD, minimum and maximum concentrations of cobalt in drinking water of Ilam
Water resources
Co (mg/L)
N Mean SD Minimum Maximum
Gham Gerdalan dam 20 0.01412 0.00407 0.0090 0.0200
Pich Ashoori well 20 0.00890 0.00083 0.0070 0.0100
Haft Cheshmeh well 20 0.00189 0.00016 0.0013 0.0022
Ghoch Ali wells 20 0.00045 0.00008 0.0003 0.0006
Naghlieh well 20 0.04230 0.00435 0.0350 0.0500
Gol Gol 20 0.00037 0.00016 0.0001 0.0007
Abbreviation: SD, Standard Deviation.
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molecules and acting as coenzymes. Some metals within a 
specific desirable amount are essential to life. The amount 
of metals in different ecosystems is influenced by different 
factors. They may occur through in aquatic systems as the 
results of natural factors, such as soil erosion and flooding, 
or by artificial factors, including human activity (23). 
The results indicate that the contamination of Ilam 
dam and Gol Gol spring with arsenic, lead and cobalt 
is higher than at other sources. It appears that pollution 
by heavy metal from these two sources originated from 
human and animal waste, agricultural activity, feeder, 
cattle and poultry farms, asphalt factories, stone crushers, 
greenhouse complexes and landfill in the area through 
which the river basin flows into Ilam dam and Gol Gol 
spring. Pollution of the drinking water with mercury was 
lower than the national and international standards. The 
maximum concentration of zinc pollution was recorded at 
Naghlieh well (6.044 mg/L). 
Orhan Gendoz et al evaluated arsenic levels in the 
Simav plain in Turkey and reported that the average 
concentration of arsenic was 0.099 mg/L and the 
maximum was 0.561 mg/L (24). Mosaferi et al studied 
arsenic levels in water resources in Hashtrood in Iran and 
found that arsenic in the drinking water of 50 villages was 
higher than the national standard (25). In the current 
study, the concentrations of arsenic in at Gam Gerdalan 
dam and Gol Gol spring were high and above national 
and international standards. At the other resources, it was 
lower than national international standards. 
The difference in arsenic levels could be due to the use of 
herbicides in agricultural land in the dam basin. A survey 
in 2013 by Ho et al on surface and internal contamination 
of estuarine sediment of the Kam River in Haiphong in 
Vietnam with heavy metals found that the development 
of industrial and agricultural activity in the region had 
significantly increased pollution by heavy metals such as 
lead, zinc and arsenic (26). 
Nahid et al examined heavy metals in the drinking 
water in different parts of the city of Tehran in Iran and 
concluded that the concentration of lead in some areas 
was higher than USEPA standards (27). Mohammedan 
et al examined pollution of water wells in Zanjan and 
showed that lead concentrations in the water resources 
in Zanjan were above WHO standards. In the present 
study, the amount of lead in the water supply at Ilam dam 
was 0.0679 mg/L and at Gol Gol spring was 0.0661 mg/L, 
which are above national and international standards. 
High levels of lead can be of natural or human origin. Lead 
particles from gasoline combustion directly or indirectly 
Table 7. Comparison of heavy metal concentrations in drinking water of Ilam
Water resources
P value
Hg Zn As Pb Co
Gam Gerdalan dam Pich Ashoori well < 0.001 0.004 < 0.001 < 0.001 < 0.001
Haft Cheshmeh well < 0.001 0.005 < 0.001 < 0.001 < 0.001
Ghoch Ali wells < 0.001 0.626 < 0.001 < 0.001 < 0.001
Naghlieh well < 0.001 0.009 < 0.001 < 0.001 < 0.001
Gol Gol < 0.001 0.286 1.0 0.996 < 0.001
Pich Ashoori well Haft Cheshmeh well 1.0 1.0 0.999 0.007 < 0.001
Ghoch Ali wells 1.0 0.253 0.998 0.999 < 0.001
Naghlieh well 1.0 1.0 0.991 0.011 < 0.001
Gol Gol < 0.001 0.581 < 0.001 < 0.001 < 0.001
Haft Cheshmeh well Ghoch Ali wells 1.0 0.305 1.0 0.01 0.434
Naghlieh well 1.0 1.0 1.0 1.0 < 0.001
Gol Gol < 0.001 0.650 < 0.001 < 0.001 0.372
Ghoch Ali wells Naghlieh well 1.0 0.402 1.0 0.032 < 0.001
Gol Gol < 0.001 0.994 < 0.001 < 0.001 1.0
Naghlieh well Gol Gol < 0.001 0.755 < 0.001 < 0.001 < 0.001
Figure 1. Concentrations of zinc in sources of drinking water of Ilam.
Figure 2. Concentrations of mercury, arsenic, lead and cobalt in 
sources of drinking water of Ilam.
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land on the surface of the soil and plants and ultimately 
enter water systems. The existence of high levels of lead 
in the water supply at Ilam dam, Gol Gol spring and the 
water distribution network could have originated from the 
entry of lead from aging pipes and fittings used in water 
distribution systems themselves. 
Savari et al investigated heavy metals in water resources 
in the city of Ahvaz in Iran and reported the amount of 
zinc to be 3.18 mg/L. This is inconsistent with the results 
of the present study which found that the concentrations 
of zinc in all water resources of Ilam was higher than that 
amount. High levels of elements like cobalt and zinc in the 
wells of Ilam were caused by the shallowness of the wells 
and the type of soil.
Conclusion
The results show that the sources of contamination of 
Ilam dam and Gol Gol spring with heavy metals were 
higher than national standards and USEPA and WHO 
guidelines. Zinc concentrations in all water sources were 
higher than the standard level; thus, it is necessary for 
authorities to initiate necessary action to decrease these 
amounts. The high levels of lead at Ilam dam and Gol Gol 
spring also require measures such as use of lead-free pipes 
and replacement of the aging pipe network. 
Because of the importance of heavy metal pollution and 
the increase in the population and industry, it is necessary 
that sources of drinking water in Ilam should be monitored 
continuously to assure that they adhere to lawful standards. 
It is recommended that all industries, manufacturing units 
and contaminated human and natural resources should be 
examined in the catchment area to determine the main 
causes of water contamination at each station area. Failure 
to monitor and control these resources will exacerbate the 
influence of heavy metals threatening the welfare of the 
urban population of Ilam. It is recommended that water 
from some sources that contain higher concentrations of 
these metals should be  mixed with other water sources 
having lower concentrations to reduce the amount 
consumed and prevent the accumulation of heavy metals 
in the food chain and the  ecosystem.
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